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DISPLAY-DEVICE DRIVE CIRCUIT AND DRIVE METHOD, DISPLAY DEVICE, AND 

PROJECTION DISPLAY DEVICE 

BACKGROUND OF THE INVENTION 

1. Field of Invention 

[0001] The present invention relates to a display-device drive circuit and drive 
method and to a display device and a projection display device including such a drive circuit. 

2. Description of Related Art 

[0002] In the field of display devices, there has been an increasing demand for 
larger display devices with higher definition. Projection display devices, such as liquid 
crystal display (LCD) projectors and DMDs have been used in the related art to implement 
such large screen displays. There is a demand for such projection display devices to display 
realistic images with high display contrast. 

[0003] For example, a related art LCD is known as a projection display device 
displaying such a high-contrast image. This LCD projector uses a polymer dispersed liquid 
crystal (PDLC) device, which is highly efficient in terms of light utilization, as a light 
modulator. By driving both the potential of each pixel electrode and the potential of an 
opposing electrode in the PDLC, a drive voltage is increased to display a high-contrast image. 

SUMMARY OF THE INVENTION 

[0004] The above-described method compensates for the low driving efficiency of a 
source driver by driving the opposing electrode, thereby applying a sufficient drive voltage to 
the PDLC. The method is not designed to increase the contrast of an image in accordance 
with an image signal by, for example, making a bright image brighter or a darker image 
darker. 

[0005] In view of the foregoing problems, the present invention provides a display- 
device drive circuit and drive method, a display device, and a projection display device 
capable of adjusting the brightness of an image in accordance with an image signal, thereby 
increasing contrast. 

[0006] To achieve the foregoing, a drive circuit of an aspect of the present invention 
is a drive circuit for driving a display device including an active matrix substrate provided 
with a plurality of pixel electrodes arranged in a matrix, an opposing substrate provided with 
a transparent opposing electrode, and a liquid crystal layer held between the active matrix 
substrate and the opposing substrate. The drive circuit includes a first signal supplying unit 
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that supplies an image signal to the pixel electrodes; a first detector that detects, on the basis 
of the image signal per unit time, a first gray level characterizing the brightness of an image; a 
variation-signal setting unit that sets a variation signal on the basis of the first gray level; and 
a second signal supplying unit that supplies the variation signal to the opposing electrode. 
The liquid crystal layer is driven by an effective voltage signal generated by modulating the 
image signal using the variation signal. The variation-signal setting unit sets the variation 
signal so that the gray level of the effective voltage signal becomes greater than the gray level 
of the image signal in accordance with an increase in the first gray level. 

[0007] In other words, the present drive circuit drives the display device by a drive 
method including detecting a first gray level characterizing the brightness of an image on the 
basis of an image signal per unit time; setting, on the basis of a setting table defining the 
relationship between the first gray level and a variation signal, the variation signal based on 
the first gray level; and supplying the image signal and the variation signal to the pixel 
electrodes and the opposing electrode, respectively, thereby applying an effective voltage 
signal to the liquid crystal layer, the effective voltage signal being generated by modulating 
the image signal using the variation signal. The setting table defines the variation signal so 
that the gray level of the effective voltage signal becomes greater than the gray level of the 
image signal in accordance with an increase in the first gray level. 

[0008] According to the present structure, a bright image is displayed more brightly. 
As a result, the brightness of an image displayed per unit time (e.g., one frame or plural 
frames) is adjusted, thereby displaying images differing in contrast among frames. 

[0009] The first gray level may be, for example, the mean gray level or the 
maximum gray level of an image signal per unit time or the mode of gray levels. When the 
mean gray level serves as the first gray level, image signals to be processed may be limited to 
those within a specific gray level range. For example, the mean gray level may be computed 
fi-om each signal excluding those with a gray level in a specific range (e.g., 10%) firom the 
maximum gray level of an image signal. When such a detection method is adopted, in 
particular, the appropriate brightness for an image displaying subtitles may be detected, hi 
other words, to enhance visibility, the gray level of a subtitle portion is generally set to a gray 
level near the maximum displayable gray level. By excluding a peak signal near the 
maximum gray level fi-om computation, the effect of a subtitle portion that is not very 
meaningful to image information may be reduced or eliminated. Needless to say, the mean 
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may be computed from each signal excluding those with a gray level in a predetemiined range 
from the minimum gray level (0-th gray level). 

[0010] The unit time serving as the reference for detecting the first gray level may 
be an arbitrary period, such as one frame or plural frames. 

[001 1] The drive circuit may fiirther include a second detector that detects a second 
gray level. The variation-signal setting unit may compute the difference between the first 
gray level and the second gray level and may set the variation signal so that, when the first 
gray level is greater than the second gray level, the gray level of the effective voltage signal 
becomes greater than the gray level of the image signal, and, when the first gray level is less 
than the second gray level, the gray level of the effective voltage signal becomes less than the 
gray level of the image signal. 

[0012] According to the present structure, a bright image is displayed more brightly, 
whereas a dark image is displayed more darkly. Therefore, the brightness contrast is 
increased. 

[0013] The second gray level may be, for example, the mean gray level or the 
maximxmi gray level of an image signal per unit time or the mode of gray levels. Also, the 
second gray level may be a fixed value (median of the maximum displayable gray levels). 

[0014] Although the level of the variation signal may be defined differently (i.e., 
asymmetrically) depending on the gray level difference being positive or negative, the level of 
the variation signal in these cases may be symmetrical. 

[0015] The opposing electrode may include a pluraHty of block electrodes, and the 
variation signal may be set for each of the block electrodes. For example, the second detector 
detects, as the second gray level, a gray level characterizing the brightness of an image on the 
entirety of a display area on the basis of the image signal per unit time. The first detector 
detects, on the basis of the image signal supplied to the pixel electrodes in an area opposing 
each of the block electrodes per unit time, the first gray level in that area. The variation- 
signal setting unit sets the variation signal for each of the block electrodes on the basis of the 
gray level difference between the first gray level and the second gray level detected for each 
of the block electrodes. The second signal supplying unit may supply the variation signal to 
the corresponding block electrode. 

[0016] The present drive circuit drives the display device by a drive method 
including detecting a second gray level characterizing the brightness of an image on the 
entirety of a display area on the basis of an image signal per unit time; detecting a first gray 
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level characterizing the brightness of the image on the basis of the image signal supplied to 
the pixel electrodes in an area opposing each of the block electrodes per unit time; computing 
the gray level difference between the first gray level and the second gray level; setting, on the 
basis of a setting table defining the relationship between the gray level difference and a 
variation signal, the variation signal for each of the block electrodes based on the gray level 
difference; and supplying the image signal and the variation signal to the pixel electrodes and 
the opposing electrode, respectively, thereby applying an effective voltage signal to the liquid 
crystal layer, the effective voltage signal being generated by modulating the image signal 
using the variation signal. The setting table defines the variation signal so that the gray level 
of the effective voltage signal becomes greater than the gray level of the image signal in 
accordance with an increase in the gray level difference. 

[0017] With the present structure, the brightness of an image is adjusted in each 
display area (block area) associated with each of the block electrodes. Therefore, the contrast 
of a portion (i.e., each block area) of an image can be adjusted. 

[0018] With the present structure, the block electrodes are scanned in accordance 
with the driving of the pixel electrodes. Therefore, time lag in adjustment of the brightness in 
each block area is reduced or prevented. 

[0019] If a common variation signal is supplied to all block electrodes in 
accordance with the writing to the pixel electrodes in an upper portion of the display area, the 
brightness adjustment based on an image signal of the subsequent image is performed on a 
lower portion of the display area, which should be subjected to brightness adjustment based 
on an image signal of the previous image. With the present structure, individually-adjusted 
variation signals are sequentially supplied to the corresponding block electrode in accordance 
with the writing of the image signal, thereby reducing or preventing such an adjustment lag. 
As a result, images are displayed more naturally. 

[0020] The number of block electrodes is not limited to a particular number. For 
example, the block electrodes may be provided in association with the individual pixel 
electrodes arranged in a matrix. 

[0021] The block electrodes may be arranged in stripes associated with the lines of 
pixel electrodes arranged in a matrix. Altematively, a single stripe-shaped block electrode 
(stripe electrode) may oppose the plural lines of pixel electrodes. In this case, it is preferable 
that the stripe electrode be disposed along scanning lines on the active matrix substrate. 
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[0022] The second gray level may be, as in the first gray level, for example, the 
mean gray level or the maximum gray level of an image signal per unit time or the mode of 
gray levels. The first gray level and the second gray level may be detected on the basis of 
different references. For example, the first gray level may be the mean gray level of an image 
signal, whereas the second gray level may be the mode of gray levels. 

[0023] A drive circuit of an aspect of the present invention is a drive circuit for 
driving a display device including an active matrix substrate provided with a plurality of pixel 
electrodes arranged in a matrix and hold capacitors associated with the individual pixel 
electrodes, an opposing substrate provided with a transparent opposing electrode, and a liquid 
crystal layer held between the active matrix substrate and the opposing substrate. The drive 
circuit includes a first signal supplying unit that supplies an image signal to the pixel 
electrodes; a first detector that detects, on the basis of the image signal per unit time, a first 
gray level characterizing the brightness of an image; a variation-signal setting unit that sets a 
variation signal on the basis of the first gray level; and a second signal supplying unit that 
supplies the variation signal to the hold capacitors. The liquid crystal layer is driven by an 
effective voltage signal generated by modulating the image signal using the variation signal. 
The variation-signal setting unit sets the variation signal so that the gray level of the effective 
vohage signal becomes greater than the gray level of the image signal in accordance with an 
increase in the first gray level. 

[0024] The present drive circuit drives the display device by a drive method 
including detecting a first gray level characterizing the brightness of an image on the basis of 
an image signal per unit time; setting, on the basis of a setting table defining the relationship 
between the first gray level and a variation signal, the variation signal based on the first gray 
level; and supplying the image signal and the variation signal to the pixel electrodes and the 
hold capacitors, respectively, thereby applying an effective voltage signal to the liquid crystal 
layer, the effective voltage signal being generated by modulating the image signal using the 
variation signal. The setting table defines the variation signal so that the gray level of the 
effective voltage signal becomes greater than the gray level of the image signal. 

[0025] With the present structure, a bright image is displayed more brightly, and a 
high-contrast image is displayed. 

[0026] With the present structure, since the pixel electrodes and the hold capacitors 
are both disposed on the active matrix substrate, both the first and second signal supplying 
units supplying signals to the pixel electrodes and the hold capacitors, respectively, are 



disposed on the active matrix substrate. In other words, with the foregoing structure in which 
the variation signal is suppHed to the opposing electrode, the second signal supplying unit 
supplying the variation signal to the opposing electrode must be disposed on the opposing 
substrate. Because the active matrix substrate and the opposing substrate are both provided 
with drive circuits (first and second signal supplying units), the manufacturing cost may be 
increased. According to the present structure, the drive circuits may be disposed collectively 
on the active matrix substrate. Thus, the present structure is advantageous in terms of cost. 

[0027] The drive circuit may further include a second detector that detects a second 
gray level. The variation-signal setting unit may compute the difference between the first 
gray level and the second gray level and may set the variation signal so that, when the first 
gray level is greater than the second gray level, the gray level of the effective voltage signal 
becomes greater than the gray level of the image signal, and, when the first gray level is less 
than the second gray level, the gray level of the effective voltage signal becomes less than the 
gray level of the image signal. 

[0028] According to the present structure, a bright image is displayed more brightly, 
whereas a dark image is displayed more darkly. The brightness contrast is thus increased. 

[0029] A display area may include a plurality of block areas, and the variation signal 
may be set for each of the block areas. For example, the second detector detects, on the basis 
of the image signal per unit time, the second gray level characterizing the brightness of an 
image on the entirety of the display area. The first detector detects, on the basis of the image 
signal supplied to the pixel electrodes belonging to each of the block areas per unit time, the 
first gray level characterizing the brightness of the image in that block area. The variation- 
signal setting unit sets the variation signal for each of the block areas on the basis of the gray 
level difference between the first gray level and the second gray level detected for each of the 
block areas. The second signal supplying unit may supply the variation signal to the hold 
capacitors belonging to the corresponding block area. 

[0030] The present drive circuit drives the display device by a drive method 
including detecting a second gray level characterizing the brightness of an image on the 
entirety of a display area on the basis of an image signal per unit time; detecting a first gray 
level characterizing the brightness of the image in each of the block areas on the basis of the 
image signal supplied to the pixel electrodes belonging to that block area per unit time; 
computing the gray level difference between the first gray level and the second gray level; 
setting, on the basis of a setting table defining the relationship between the gray level 



difference and a variation signal, the variation signal for each of the block areas based on the 
gray level difference; and supplying the image signal and the variation signal to the pixel 
electrodes and the hold capacitors, respectively, thereby applying an effective voltage signal 
to the liquid crystal layer, the effective voltage signal being generated by modulating the 
image signal using the variation signal. The setting table defines the variation signal so that 
the gray level of the effective voltage signal becomes greater than the gray level of the image 
signal in accordance with an increase in the gray level difference. 

[0031] According to the present structure, the brightness of an image is adjusted in 
each block area. Therefore, the contrast of a portion of an image can be adjusted. 

[0032] The number of segments of the display area (i.e., the number of block areas) 
is not limited to a particular number. For example, the block areas may be provided in 
association with the individual pixel electrodes. Altematively, the block areas may be stripe 
areas. These stripe areas may be provided in association with, for example, the lines of pixel 
electrodes arranged in a matrix. Altematively, a single stripe area may be provided in 
association with the plural lines of pixel electrodes. In this case, it is preferable that the stripe 
areas be disposed along scanning lines on the active matrix substrate. When the display area 
includes a plurality of stripe areas and when individually-adjusted variation signals are 
sequentially supplied to the corresponding stripe area in accordance with the writing of the 
image signal to the pixel electrodes, time lag in brightness adjustment in each stripe area is 
reduced or prevented, thereby displaying images more naturally. 

[0033] A display device or projection display device of an aspect of the present 
invention is characterized in that a liquid crystal layer held between the foregoing active 
matrix substrate and the opposing substrate is driven by a voltage signal suppHed from the 
foregoing drive circuit. 

[0034] According to the display device or projection display device with the present 
structure, a high-contrast image can be displayed. 

BRIEF DESCRIPTION OF THE DRAWINGS 

[0035] Fig. 1 is a circuit schematic of a display device according to a first 
exemplary embodiment of the present invention; 

[0036] Fig. 2 is a perspective view of the schematic structure of the display device 
according to the first exemplary embodiment; 

[0037] Fig, 3 is a block schematic of the circuit configuration of the display device 
according to the first exemplary embodiment; 
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[0038] Fig. 4 is a block schematic of the main structure of a drive circuit according 
to the first exemplary embodiment; 

[0039] Fig. 5 is a graph describing a drive method according to the first exemplary 
embodiment; 

[0040] Figs. 6(A) and 6(B) include schematics describing the drive method 
according to the first exemplary embodiment; 

[0041] Fig. 7 is a flowchart describing the drive method according to the first 
exemplary embodiment; 

[0042] Fig. 8 is a graph describing a drive method according to a second exemplary 
embodiment of the present invention; 

[0043] Figs. 9(A) and 9(B) include schematics describing the drive method 
according to the second exemplary embodiment; 

[0044] Fig. 10 is a flowchart describing the drive method according to the second 
exemplary embodiment; 

[0045] Fig. 1 1 is a flowchart describing the drive method according to the second 
exemplary embodiment; 

[0046] Fig. 12 is a circuit schematic of a display device according to a third 
exemplary embodiment of the present invention; 

[0047] Fig. 13 is a perspective view of the schematic stmcture of the display device 
according to the third exemplary embodiment; 

[0048] Fig. 14 is a block schematic of the circuit configuration of the display device 
according to the third exemplary embodiment; 

[0049] Fig. 15 is a block schematic of the main structure of a drive circuit according 
to the third exemplary embodiment; 

[0050] Fig. 16 is a graph describing a drive method according to the third exemplary 
embodiment; 

[0051] Figs. 17(A) and 17(B) include schematics describing the drive method 
according to the third exemplary embodiment; 

[0052] Fig. 18 is a flowchart describing the drive method according to the third 
exemplary embodiment; 

[0053] Fig. 19 is a block schematic of the main structure of a drive circuit according 
to a fourth exemplary embodiment of the present invention; 
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[0054] Fig. 20 is a graph describing a drive method according to the fourth 
exemplary embodiment; 

[0055] Figs. 21(A) and 21(B) includes schematics describing the drive method 
according to the fourth exemplary embodiment; 

[0056] Fig. 22 is a flowchart describing the drive method according to the fourth 
exemplary embodiment; 

[0057] Fig. 23 is a graph describing a drive method according to a fifth exemplary 
embodiment of the present invention; 

[0058] Fig. 24 is a schematic describing the drive method according to the fifth 
exemplary embodiment; 

[0059] Fig. 25 is a flowchart describing the drive method according to the fifth 
exemplary embodiment; 

[0060] Fig, 26 is a flowchart describing the drive method according to the fifth 
exemplary embodiment; 

[0061] Fig. 27 is a circuit schematic of a display device according to a sixth 
exemplary embodiment of the present invention; 

[0062] Fig. 28 is a perspective view of the schematic structure of the display device 
according to the sixth exemplary embodiment; 

[0063] Fig. 29 is a block schematic of the circuit configuration of the display device 
according to the sixth exemplary embodiment; 

[0064] Fig. 30 is a block schematic of the main structure of a drive circuit according 
to the sixth exemplary embodiment; 

[0065] Fig. 3 1 is a graph describing a drive method according to the sixth 
exemplary embodiment; 

[0066] Fig. 32 includes schematics describing the drive method according to the 
sixth exemplary embodiment; 

[0067] Fig. 33 is a flowchart describing the drive method according to the sixth 
exemplary embodiment; 

[0068] Fig. 34 is a graph describing a drive method according to a seventh 
exemplary embodiment of the present invention; 

[0069] Fig. 35 includes schematics describing the drive method according to the 
seventh exemplary embodiment; 
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[0070] Fig. 36 is a flowchart describing the drive method according to the seventh 
exemplary embodiment; 

[0071] Fig. 37 is a flowchart describing the drive method according to the seventh 
exemplary embodiment; 

[0072] Fig. 38 is a circuit schematic of a display device according to an eighth 
exemplary embodiment of the present invention; 

[0073] Fig. 39 is a block schematic of the circuit configuration of the display device 
according to the eighth exemplary embodiment; 

[0074] Fig. 40 is a block schematic of the main structure of a drive circuit according 
to the eighth exemplary embodiment; 

[0075] Fig. 41 is a graph describing a drive method according to the eighth 
exemplary embodiment; 

[0076] Figs. 42(A) and 42(B) includes schematics describing the drive method 
according to the eighth exemplary embodiment; 

[0077] Fig. 43 is a flowchart describing the drive method according to the eighth 
exemplary embodiment; 

[0078] Fig. 44 is a block schematic of the main structure of a drive circuit according 
to a ninth exemplary embodiment of the present invention; 

[0079] Fig. 45 is a graph describing a drive method according to the ninth 
exemplary embodiment; 

[0080] Figs. 46(A) and 46(B) includes schematics describing the drive method 
according to the ninth exemplary embodiment; 

[0081] Fig. 47 is a flowchart describing the drive method according to the ninth 
exemplary embodiment; 

[0082] Fig. 48 is a graph describing a drive method according to a tenth exemplary 
embodiment of the present invention; 

[0083] Fig. 49 includes schematics describing the drive method according to the 
tenth exemplary embodiment; 

[0084] Fig. 50 is a flowchart describing the drive method according to the tenth 
exemplary embodiment; 

[0085] Fig. 51 is a flowchart describing the drive method according to the tenth 
exemplary embodiment; 
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[0086] Fig. 52 is a graph showing a first modification of a setting table of the 
present invention; 

[0087] Figs. 53(A) and 53(B) includes graphs showing a second modification of the 
setting table of the present invention; and 

[0088] Fig. 54 is an illustration of an example of a projection display device of the 
present invention. 

DETAILED DESCRIPTION OF EXEMPLARY EMBODIMENTS 

First Exemplary Embodiment 

[0089] With reference to Figs. 1 to 7, a display device according to a first exemplary 

embodiment of the present invention will now be described. Fig. 1 is a circuit schematic of 

the display device of the first exemplary embodiment. Fig. 2 is a perspective view of the 

schematic structure of the display device. Fig, 3 is a functional block schematic of the display 

device. Fig. 4 is a functional block schematic of the main structure of a drive circuit. Figs. 5 

to 7 illustrate a method of driving the display device. In all figures, the film thickness and 

size ratio of elements are appropriately made different in order to make the figures clearer. 

[0090] Referring to Fig. 1 , the display device of the first exemplary embodiment is 
an active matrix liquid crystal device including a liquid crystal panel 10 provided with 
switching elements (thin-film transistors; TFT) 112a associated with individual pixels, a data 
driver 1 and a gate driver 2, which drive these TFTs 1 12a, and an oppo sing-electrode driver 3. 

[0091] Referring to Figs. 1 and 2, the liquid crystal panel 10 includes a liquid crystal 
layer 150 held between an active matrix substrate 111 and an opposing substrate 121. 
Polarizers 1 18 and 128 are disposed on outer surfaces of the substrates 1 1 1 and 121, 
respectively. 

[0092] A plurahty of data hnes 1 1 5 and a plurality of gate lines 1 16 are disposed in 
the X and Y directions, respectively, on the substrate 111. The data driver 1 and the gate 
driver 2 supply an image signal DATA and a gate signal to the data lines 1 15 and the gate 
lines 1 16 in accordance with synchronization signals CLX and CLY, respectively (see Fig. 3). 
Areas (pixel areas) defined by the lines 115 and 1 16 are individually provided with pixel 
electrodes 1 12. The TFTs 1 12a disposed near the intersections of the lines 1 15 and 1 16 drive 
the corresponding pixel electrodes 112. The pixel areas are individually provided with hold 
capacitors 1 1 7 having a predetermined capacitance Cst, thereby holding a voltage applied to 
the Hquid crystal layer 150. 
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[0093] The substrate 121, which is made of a transparent material, such as quartz, 
glass, or plastic, is provided with a transparent opposing electrode 122 made of ITO (indium 
tin oxide) or the like, which is disposed on the entirety of a display area lOA. The opposing 
electrode 122 is driven by the opposing-electrode driver 3. 

[0094] Alignment films (not shown) are disposed on the outermost surfaces of the 
substrates 111 and 112, thereby defining the alignment of liquid crystal molecules when no 
voltage is applied. The light transmittance of the Uquid crystal panel 10 when no voltage is 
applied is determined by a combination of the alignment directions of the alignment films and 
the directions of penetrating axes of the polarizers 118 and 128. In the first exemplary 
embodiment, for example, the structure of a normally white type is adopted. 

[0095] Referring to Fig. 3, the data driver 1 is driven by a controller 4 in 
synchronization with the gate driver 2 and outputs the image signal DATA that has been 
converted by a DAC (digital-analog converter) 5 into an analog signal sequentially to the data 
lines 1 15 in one scanning period (H). By the gate driver 2, this image signal turns on (i.e., 
supplies a gate signal to) predetermined gate lines 116, thereby being sequentially vmtten to 
the corresponding pixel electrodes 112. 

[0096] In contrast, the opposing-electrode driver 3 is driven by an opposing- 
electrode control circuit 6 in synchronization with the drivers 1 and 2 and supplies the 
opposing electrode signal CD ATA to the opposing electrode 122. On the basis of the signals 
DATA and CD ATA, the Uquid crystal layer 150 is driven by an effective voltage signal 
applied between the electrodes 112 and 122. 

[0097] To reduce or prevent the liquid crystal layer 150 fi-om degrading, the liquid 
crystal layer 150 is AC-driven. Various methods may be employed to AC-drive the Uquid 
crystal layer 150. These methods include, for example, an area inversion method of inverting 
the polarity of the image signal DATA in each fi-ame and a line inversion method of inverting 
the polarity in each line. 

[0098] Referring to Fig. 4, the opposing-electrode control circuit 6 is functionally 
provided with a mean-gray-level computing unit (first detector) 6a and a variation-signal 
setting unit 6b. The opposing-electrode control circuit 6 sets the opposing electrode signal 
CD ATA on the basis of the image signal DATA. 

[0099] The mean-gray-level computing unit 6a computes a mean gray level Gf of 
the image signal DATA per unit time (e.g., one fi-ame in the first embodiment) and detects the 
brightness of an image displayed in one firame. 
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[0100] The variation-signal setting unit 6b has a setting table 6d defining the 
relationship between the mean gray level Gf and a variation signal AS. The variation-signal 
setting unit 6b sets the variation signal AS on the basis of the mean gray level Gf computed by 
the mean-gray-level computing unit 6a. The variation signal AS is added to an initial signal 
SO to compute a voltage signal, which in turn is supplied as the opposing electrode signal 
CD ATA to the opposing-electrode driver 3. 

[01 Oil In the setting table 6d, the gray level of the variation signal is defined so that 
the gray level of the effective voltage signal (effective signal) generated by modulating the 
image signal DATA using the variation signal AS becomes greater than the gray level of the 
image signal DATA in accordance with an increase in the gray level Gf. For example, in the 
setting table 6d, as shown in Fig. 5, the median of the maximum displayable gray levels 
serves as a reference gray level (second gray level) GO. When the mean gray level Gf is 
greater than the reference gray level GO, the polarity of the variation signal AS is set to the 
same polarity as that of the image signal DATA. When the mean gray level Gf is less than 
the reference gray level GO, the polarity of the variation signal AS is set to the polarity 
opposite to that of the image signal DATA. It is set so that, the larger the gray level 
difference AG (absolute value) between the mean gray level Gf and the reference gray level 
GO, the larger the voltage of the variation signal AS (absolute value |AS|) becomes. Fig. 5 
shows, for example, a maximum of 255 gray levels and the median, that is, the 128-th gray 
level, serving as the reference gray level GO. 

[0102] When the mean gray level Gf is greater than the reference gray level GO (i.e., 
when the brightness of an image in one frame is greater than the reference brightness), the 
potential of the opposing electrode 122 is changed by |AS| toward the same polarity as that of 
the image signal DATA on the basis of the initial signal SO. As a result, the effective voltage 
between the electrodes 112 and 122 is reduced, and the image is displayed more brightly. In 
contrast, when the mean gray level Gf is less than the reference gray level GO (i.e., when the 
brightness of an image in one frame is less than the reference brightness), the potential of the 
opposing electrode 122 is changed by |AS| toward the polarity opposite to that of the image 
signal DATA. As a result, the effective voltage between the electrodes 1 12 and 122 is 
increased, and the image is displayed more darkly. 

[0103] For example, in the setting table 6d, the gray level of the variation signal is 
set so that, when the gray level difference AG is positive, the gray level of the effective signal 
becomes greater than the gray level of the image signal DATA, and, when the gray level 
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difference AG is negative, the gray level of the effective signal becomes less than the gray 
level of the image signal DATA. As a result, a bright image is displayed more brightly, 
whereas a dark image is displayed more darkly. 

[0104] Referring to Figs. 5 to 7, a method of driving the display device will now be 
described. An example in which the display device is driven by the area inversion method is 
described below. Fig. 6 shows an example of the waveform of the image signal DATA and 
an example of the waveform of the opposing electrode signal CD AT A. 

[0105] When the image signal DATA is input from an extemal device in step Al, 
the image signal DATA is converted by the DAC 5 into an analog signal, and the analog 
signal is written via the data driver 1 into the pixel electrodes 1 12 of the liquid crystal panel 
10. 

[0106] The image signal DATA is also input to the opposing-electrode control 
circuit 6, and the mean-gray-level computing unit 6a computes the mean gray level Gf per 
frame (step A2). 

[0107] On the basis of the setting table 6d, the variation-signal setting unit 6b sets 
the variation signal AS based on the mean gray level Gf and adds the variation signal AS to 
the initial signal SO to compute a voltage signal serving as the opposing electrode signal 
CD ATA (step A3). 

[0108] This opposing electrode signal CD ATA is supplied via the opposing- 
electrode driver 3 to the opposing electrode 122 (step A4). 

[0109] For example, when the mean gray level Gf of the image signal DATA per 
frame is 200-th gray level (> reference gray level GO) (see the left side of Fig. 6(B)), the 
variation signal AS is set to 1.05 (V) on the basis of the setting table 6d (see Fig. 5). The 
variation-signal setting unit 6b adds the variation signal AS to the initial signal SO (e.g., 7 
(V)) to compute a voltage signal, which in turn is output as the opposing electrode signal 
CDATA (e.g., 8.05 (V)) (see the left side of Fig. 6(A)). The potential of the opposing 
electrode 122 is changed to the same polarity as that of the image signal DATA on the basis 
of the initial signal SO, thereby reducing the effective voltage between the electrodes 112 and 
122. As a result, the entire image is displayed brightly. 

[0110] Altematively, when the image signal DATA whose mean gray level Gf is 
75-th gray level (< reference gray level GO) is supplied in the subsequent frame (see the right 
side of Fig. 6(B)), the variation signal AS is set to -0.5 (V) on the basis of the setting table 6d 
(see Fig. 5). The variation-signal setting unit 6b adds the variation signal AS to the initial 
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signal SO to compute a voltage signal, which in turn is output as the opposing electrode signal 
CD ATA (see the right side of Fig. 6(A)). The potential of the opposing electrode 122 is 
changed to the polarity opposite to that of the image signal DATA on the basis of the initial 
signal SO, thereby increasing the effective voltage between the electrodes 112 and 122. As a 
result, the entire image is displayed darkly. Since the polarity of the image signal DATA is 
inverted in the subsequent frame, a direction in which the potential of the opposing electrode 
122 is changed is opposite to that of the previous frame. 

[0111] The above-described steps, Al to A4, are repeated to sequentially display 
images whose overall brightness has been adjusted. 

[01 12] According to the display device of the first exemplary embodiment, the 
brightness is adjusted while displaying images in frames, thereby displaying images differing 
in brightness among frames. 
Second Exemplary Embodiment 

[0113] Referring to Figs. 8 to 1 1, a display device according to a second exemplary 
embodiment of the present invention will now be described. Since this display device has the 
same structure as that of the first exemplary embodiment. Figs. 1 to 4 are used unchanged, 
and a description of the structure of the display device is omitted. 

[01 14] The second exemplary embodiment is a modification of the display-device 
driving method of the first exemplary embodiment. The potential of the opposing electrode 
122 is gradually changed within unit time (e.g., one frame period). 

[0115] Specifically, according to the second exemplary embodiment, when the 
image signal DATA is input from the external device in step Bl, the image signal DATA is 
converted by the DAC 5 into an analog signal, and the analog signal is written via the data 
driver 1 into the pixel electrodes 1 12 of the liquid crystal panel 10. 

[0116] When the image signal DATA is also input to the opposing-electrode control 
circuit 6, the potential of the opposing electrode 122 is reset (see step B2), and the initial 
signal SO is supplied. 

[01 17] The mean-gray-level computing unit (first detector) 6a computes the mean 
gray level Gf per frame (step B3). On the basis of the setting table 6d, the variation-signal 
setting unit 6b sets the variation signal AS based on the mean gray level Gf (step B4). 

[0118] In a step-signal supplying routine (step B5), this variation signal AS is 
divided into a plurality of (e.g., N) step signals (step B51). The step signals are sequentially 
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supplied via the opposing-electrode driver 3 to the opposing electrode 122 at a predetermined 
time interval (e.g., in each H) (steps B52 to B55). 

[0119] Fig. 9 shows an example of the waveform of the image signal DATA and an 
example of the waveform of the opposing electrode signal CD ATA. For example, when the 
mean gray level Gf of the image signal DATA per frame is 200-th gray level (> reference gray 
level GO) (see the left side of Fig. 9(B)), the variation signal AS is set to 1.05 (V) on the basis 
of the setting table 6d (see Fig. 8). This variation signal AS is divided by the variation-signal 
setting unit 6b into N step signals a (signal value = AS/N), and the step signals a are 
sequentially supplied to the opposing electrode 122 at a predetermined time interval in one 
frame period. In Fig. 9, the supply start time Ts of the step signals a is the writing start time 
of the image signal DATA, and the supply end time Te of the step signals a is the time after 
unit time (one frame period in the second exemplary embodiment) passes. However, the 
supply start time Ts and the supply end time Te may be any time within unit time, and the 
number of segments N of the variation signal AS and the supply interval of the step signals a 
may be arbitrarily set. 

[0120] Accordingly, the potential of the opposing electrode 122 is changed stepwise 
to the same polarity as that of the image signal DATA on the basis of the initial signal SO, 
thereby reducing the effective voltage between the electrodes 1 12 and 122 by 1.05 (V) in one 
frame period. As a result, the brightness of an image is gradually increased in one frame 
period. 

[0121] When the image signal DATA in the subsequent frame is input, the opposing 
electrode 122 is reset again, and the initial signal SO is supplied. The mean-gray-level 
computing unit 6a computes the mean gray level Gf When this mean gray level Gf is, for 
example, 75-th gray level (< reference gray level GO) (see the right side of Fig. 9(B)), the 
variation signal AS is set to -0.5 (V) on the basis of the setting table 6d (see Fig. 8). This 
variation signal AS is divided by the variation-signal setting unit 6b into N step signals a, and 
the step signals a are sequentially supplied to the opposing electrode 122 at a predetermined 
time interval in one frame period. 

[0122] Accordingly, the potential of the opposing electrode 122 is changed stepwise 
to the polarity opposite to that of the image signal DATA on the basis of the initial signal SO, 
thereby increasing the effective voltage between the electrodes 1 12 and 122 by 0.5 (V) in one 
frame period. As a result, the brightness of an image is gradually reduced in one frame 
period. 
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[0123] The above-described steps, Bl to B5, are repeated to display images whose 
overall brightness has been adjusted. 

[0124] According to the display device of the second exemplary embodiment, the 
contrast is adjusted while displaying images in frames, thereby displaying images differing in 
brightness among frames. 

[0125] According to the display device, since a signal supplying unit stepwise (or 
continuously) supplies the variation signals to the opposing electrode in unit time, the 
brightness of an image is adjusted stepwisely. Compared with a case in which the variation 
signals are supplied at the same time, discontinuity of images when the variation signals are 
supplied is smoothed, and the images are displayed more naturally. 

[0126] According to the display device, the potential of the opposing electrode 122 
is reset at the time the variation signal is supplied to the opposing electrode 122 (i.e., a series 
of step signals a is supplied). This facilitates driving. For example, if the opposing electrode 
122 is not reset, in order to achieve a desired potential of the opposing electrode 122, for 
example, the variation signal AS set in the previous frame must be stored in a memory, and 
the difference between this variation signal AS and a variation signal AS' set in the subsequent 
frame must be supplied to the opposing electrode 122. In contrast, when the opposing 
electrode 122 is reset in each frame, the newly computed variation signal AS is simply 
supplied to the opposing electrode 122. The foregoing complicated processing is thus 
unnecessary. 

Third Exemplary Embodiment 

[0127] Referring to Figs. 12 to 18, a display device according to a third exemplary 
embodiment of the present invention will now be described. Fig. 12 is a circuit schematic of 
the display device of the third exemplary embodiment. Fig. 13 is a perspective view of the 
schematic structure of the display device. Fig. 14 is a fiinctional block schematic of the 
display device. Fig. 15 is a functional block schematic of the main structure of a drive circuit. 
Figs. 16 to 18 illustrate a method of driving the display device. The same reference numerals 
are used to indicate the same parts and members as those of the first exemplary embodiment, 
and descriptions thereof are omitted. 

[0128] Referring to Fig. 12, the display device of the third exemplary embodiment 
is an active matrix liquid crystal device including a liquid crystal panel 1 1 provided with the 
switching elements (thin-film transistors; TFT) 1 12a associated with individual pixels, the 
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data driver 1 and the gate driver 2, which drive these TFTs 1 12a, and an opposing-electrode 
driver 31. 

[0129] Referring to Figs. 12 and 13, the Hquid crystal panel 1 1 includes the liquid 
crystal layer 150 held between the active matrix substrate 111 and the opposing substrate 121. 
The polarizers, 118 and 128, are disposed on outer surfaces of the substrates, 1 1 1 and 121, 
respectively. 

[0130] A plurality of transparent opposing electrodes 1221 made of ITO (indium tin 
oxide) or the like are arranged in stripes on the substrate 121, which is made of a transparent 
material, such as quartz, glass, or plastic. These opposing electrodes 1221 are disposed 
corresponding to the lines of the pixel electrodes 1 12 in a direction parallel to the gate lines 
116. The individual opposing electrodes 1221 are driven independently by the opposing- 
electrode driver 31. The number of opposing electrodes 1221 is arbitrary. In the third 
exemplary embodiment, for example, the number of opposing electrodes 1221 is the same as 
the number N of gate lines 1 16 (the same as the number of lines of the pixel electrodes 112). 

[0131] The opposing-electrode driver 31 is driven by an opposing-electrode control 
circuit 61 in synchronization with the drivers 1 and 2 and supplies the opposing electrode 
signal CDATAi (i = 1 to N) to each opposing electrode 1221. The liquid crystal layer 150 is 
driven by an effective voltage signal applied between the electrodes 1 12 and 1221 on the 
basis of the signals DATA and CDATAi (i = 1 to N). 

[0132] Referring to Fig. 15, the opposing-electrode control circuit 61 is functionally 
provided with a mean-gray-level computing unit (first detector) 61a and a variation-signal 
setting unit 61b. The opposing-electrode control circuit 61 sets the opposing electrode signal 
CDATAi (i = 1 to N) for each opposing electrode 1221 on the basis of the image signal 
DATA. 

[0133] The mean-gray-level computing unit 61a computes the mean gray level Gfi 
(i = 1 to N) of the image signal DATAi (i = 1 to N) supplied to the pixel electrodes 1 12 in 
each line per unit time (e.g., one frame in the third embodiment) and detects the brightness of 
an image in each line. 

[0134] The variation-signal setting unit 61b has a setting table 61d defining the 
relationship between the mean gray level Gf and the variation signal AS. The variation-signal 
setting unit 61b sets variation signal ASi (i = 1 to N) in each line on the basis of the mean gray 
level Gfi computed by the mean-gray-level computing unit 61a. The variation signal ASi is 
added to the initial signal SO to compute a voltage signal, which in turn is supplied as the 
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opposing electrode signal CDATAi (i = 1 to N) in each line to the opposing-electrode driver 
31. 

[0135] In the setting table 6 Id, as in the first exemplary embodiment, the median of 
the maximum displayable gray levels serves as the reference gray level (second gray level) 
GO. When the mean gray level Gfi is greater than the reference gray level GO, the polarity of 
the variation signal ASi is set to the same polarity as that of the image signal DATA. When 
the mean gray level Gfi is less than the reference gray level GO, the polarity of the variation 
signal ASi is set to the polarity opposite to that of the image signal DATA. It is set so that, 
the larger the gray level difference AG (absolute value |AG|) between the mean gray level Gfi 
and the reference gray level GO, the larger the voltage of the variation signal ASi (absolute 
value |ASi|) becomes (see Fig. 17). 

[0136] Since portions excluding this part are arranged in the same manner as those 
of the first exemplary embodiment, descriptions thereof are omitted. 

[0137] Referring to Figs. 16 to 18, a method of driving the display device will now 
be described. An example in which the display device is driven by the line inversion method 
is described below. Fig. 17 shows an example of the waveform of the image signal DATA 
and an example of the waveform of the opposing electrode signal CD AT A. Fig. 17(B) shows 
the waveform of the mean gray level Gfi of the image signal DATAi (i = 1 to N) supplied to 
the pixel electrodes 112 in each line in one scanning period. 

[0138] When the image signal DATA is input from the external device in step CI, 
the image signal DATA is converted by the DAC 5 into an analog signal, and the analog 
signal is written via the data driver 1 into the pixel electrodes 1 12 of the liquid crystal panel 
11. 

[0139] When the image signal DATA is also input to the opposing-electrode control 
circuit 61, the mean-gray-level computing unit 61a computes the mean gray level Gfi (i = 1 to 
N) of the image signal DATAi (i = 1 to N) in each line per fi-ame (step C3). 

[0140] On the basis of the setting table 61d, the variation-signal setting unit 61b sets 
the variation signal ASi (i = 1 to N) in each line based on the mean gray level Gfi (i = 1 to N) 
and adds the variation signal ASi to the initial signal SO to compute a voltage signal serving 
as the opposing electrode signal CDATAi (i = 1 to N) in each line (step C4). 

[0141] The opposing electrode signal CDATAi is supplied via the opposing- 
electrode driver 31 to the corresponding opposing electrode 1221 (step C5). 
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[0142] The above-described steps C3 to C5 are sequentially performed on the image 
signal DATAi (i = 1 to N) in each line to adjust the brightness of an image in each line. 

[0143] For example, when the mean gray level Gfl of the image signal DATAI in 
the first line is 225-th gray level (> reference gray level GO) (see the first line of Fig. 17(B)), 
the variation signal ASl is set to 1,5 (V) on the basis of the setting table 6 Id (see Fig. 16). 
The variation-signal setting unit 61b adds the variation signal AS to the initial signal SO (e.g., 
7 (V)) to compute a voltage signal, which in turn is output as the opposing electrode signal 
CDATAl (e.g., 8.5 (V)) in the first line (see the first line of Fig. 17(A)). The potential of the 
opposing electrode 1221 in the first line is changed to the same polarity as that of the image 
signal DATAI on the basis of the initial signal SO, thereby reducing the effective voltage 
between the pixel electrodes 1 12 in the first line and the opposing electrode 1221 in the first 
line. As a result, the image in the first line is displayed brightly. 

[0144] At the same time, when the mean gray level Gf2 of the image signal DATA2 
in the second line is 75-th gray level (< reference gray level GO) (see the second line of Fig. 
17(B)), the variation signal AS2 is set to -0.5 (V) on the basis of the setting table 61d (see Fig. 
16). The variation-signal setting unit 61b adds the variation signal AS2 to the initial signal SO 
to compute a voltage signal, which in tum is output as the opposing electrode signal 
CDATA2 in the second line. The potential of the opposing electrode 1221 in the second line 
is changed to the polarity opposite to that of the image signal DATA2 in the second line on 
the basis of the initial signal SO, thereby increasing the effective voltage between the pixel 
electrodes 112 in the second line and the opposing electrode 1221 in the second line. As a 
result, the image in the second line is displayed darkly. Since the polarity of the image signal 
DATA2 in the second line is inverted, a direction in which the potential of the opposing 
electrode 1221 is changed is opposite to that of the previous line. 

[0145] The above-described steps, CI to C7, are repeated to sequentially display 
fi-ame images whose brightness in each line has been adjusted. 

[0146] According to the display device of the third exemplary embodiment, the 
brightness in each line is adjusted. Therefore, the contrast of a portion of an image can be 
adjusted, and an image whose portions differ in brightness can be displayed. 
Fourth Exemplary Embodiment 

[0147] Referring to Figs. 19 to 22, a display device according to a fourth exemplary 
embodiment of the present invention will now be described. Where necessary, Figs. 12 and 
14 are used unchanged in the following description. 
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[0148] The fourth exemplary embodiment is a modification of the driving method 
of the third exemplary embodiment. The variation signal AS is defined on the basis of the 
gray level difference between the mean gray level Gf of the image signal DATA per unit time 
and the mean gray level Gfi (i = 1 to N) of the image signal DATAi (i = 1 to N) in each line. 

[0149] Specifically, referring to Fig. 19, an opposing-electrode control circuit 62 of 
the fourth exemplary embodiment is fiinctionally provided with a mean-gray-level computing 
unit (first detector) 62a, a variation-signal setting unit 62b, and a reference-gray-level setting 
unit (second detector) 62c. The opposing-electrode control circuit 62 sets the opposing 
electrode signal CDATAi (i = 1 to N) for the corresponding opposing electrode 1221 on the 
basis of the image signal DATA. 

[0150] The mean-gray-level computing unit 62a computes the mean gray level Gfi 
(i = 1 to N) of the image signal DATAi (i = 1 to N) supplied to the pixel electrodes 1 12 in 
each line per unit time (e.g., one frame in the fourth exemplary embodiment) and detects the 
brightness of an image in each line. 

[0151] The reference-gray-level setting unit 62c computes the mean gray level Gf of 
the image signal DATA per unit time described above and outputs the mean gray level Gf 
serving as the reference gray level (second gray level) GO. 

[0152] The variation-signal setting unit 62b has a setting table 62d defining the 
relationship of the gray level difference AG between the mean gray level Gfi (i = 1 to N) in 
each line and the reference gray level GO with the variation signal AS. On the basis of the 
mean gray level Gfi computed by the mean-gray-level computing unit 62a, the variation- 
signal setting unit 62b sets the variation signal ASi (i = 1 to N) in each line. The variation 
signal ASi is added to the initial signal SO to compute a voltage signal, which in turn is 
supplied as the opposing electrode signal CDATAi (i = 1 to N) in each line to the opposing- 
electrode driver 3 1 . 

[0153] In the setting table 62d, the gray level of the variation signal is defined so 
that the gray level of the effective voltage signal (effective signal) generated by modulating 
the image signal DATAi using the variation signal ASi becomes greater than the gray level of 
the image signal DATA in accordance with an increase in the mean gray level Gfi. For 
example, in the setting table 62d, as shown in Fig. 20, when AG is positive (i.e., when the 
mean gray level Gfi is greater than the reference gray level GO), the polarity of the variation 
signal ASi is set to the same polarity as that of the image signal DATAi. When AG is 
negative (i.e., when the mean gray level Gfi is less than the reference gray level GO), the 
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polarity of the variation signal ASi is set to the polarity opposite to that of the image signal 
DATAi. It is set so that, the larger the gray level difference AG (absolute value), the larger 
the voltage of the variation signal ASi (absolute value |AS|) becomes. 

10154] When the mean gray level Gfi is greater than the reference gray level GO 
(i.e., when the brightness of an image in each line is greater than the average brightness of the 
image), the potential of the opposing electrode 1221 is changed by |AS| toward the same 
polarity as that of the image signal DATAi on the basis of the initial signal SO. As a result, 
the effective voltage between the electrodes 112 and 1221 is reduced, and the image in that 
line is displayed more brightly. In contrast, when the mean gray level Gfi is less than the 
reference gray level GO (i.e., when the brightness of an image in each line is less than the 
average brightness of the image), the potential of the opposing electrode 1221 is changed by 
I AS I toward the polarity opposite to that of the image signal DATAi. As a result, the effective 
voltage between the electrodes 112 and 1221 is increased, and the image is displayed more 
darkly. 

[0155] For example, in the setting table 62d, the gray level of the variation signal is 
set so that, when the gray level difference AG is positive, the gray level of the effective signal 
becomes greater than the gray level of the image signal DATA, and, when the gray level 
difference AG is negative, the gray level of the effective signal becomes less than the gray 
level of the image signal DATA. As a result, a bright portion (line) of the image is displayed 
more brightly, whereas a dark portion (line) of the image is displayed more darkly. 

[0156] Since the fourth exemplary embodiment has the same structure as that of the 
third exemplary embodiment except for the foregoing difference, a description of common 
portions is omitted. 

[0157] Referring to Figs. 20 to 22, a method of driving the display device will now 
be described. An example in which the display device is driven by the line inversion method 
is described below. Fig. 21 shows an example of the waveform of the image signal DATA 
and an example of the waveform of the opposing electrode signal CD ATA. Fig. 21(B) shows 
the waveform of the mean gray level Gfi of the image signal DATAi (i = 1 to N) supplied to 
the pixel electrodes 1 12 in each line in one scanning period. 

[0158] When the image signal DATA is input from the external device in step El, 
the image signal DATA is converted by the DAC 5 into an analog signal, and the analog 
signal is written via the data driver 1 into the pixel electrodes 112 of the liquid crystal panel 
11. 
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[01591 When the image signal DATA is also input to the opposing-electrode control 
circuit 62, the reference-gray-level setting unit 62c computes the mean gray level Gf of the 
image signal DATA per frame and outputs the mean gray level Gf serving as the reference 
gray level GO to the variation-signal setting unit 62b (step E2). 

[0160] The mean-gray-level computing unit 62a computes the mean gray level Gfi 
(i = 1 to N) of the image signal DATAi (i = 1 to N) in each line per frame (step E4). On the 
basis of the setting table 62d, the variation-signal setting unit 62b sets the variation signal ASi 
(i = 1 to N) in each line on the basis of the gray level difference between the mean gray level 
Gfi and the reference gray level GO (steps E5 and E6). The variation signal ASi is added to 
the initial signal SO to compute a voltage signal serving as the opposing electrode signal 
CDATAi (i - 1 to N) in each line (step E6). 

[0161] This opposing electrode signal CDATAi is supplied via the opposing- 
electrode driver 31 to the corresponding opposing electrode 1221 (step E7). 

[0162] The above-described steps E4 to E7 are sequentially performed on the image 
signal DATAi in each line to adjust the brightness of the image in each line. 

[0163] For example, in a case in which the image signal DATA whose mean gray 
level Gf (GO) is 200-th gray level is input in the first frame, when the mean gray level Gfi of 
the image signal DATAI in the first line is 225-th gray level (> reference gray level GO) (see 
the first line of Fig. 21(B)), the variation signal ASI is set to 0.1 (V) on the basis of the setting 
table 62d (see Fig. 20). The variation-signal setting unit 62b adds the variation signal ASI to 
the initial signal SO (e.g., 7 (V)) to compute a voltage signal, which in turn is output as the 
opposing electrode signal CDATAI (e.g., 7.1 (V)) in the first Hne (see the first line of Fig. 
21(A)). The potential of the opposing electrode 1221 in the first line is changed to the same 
polarity as that of the image signal DATAI on the basis of the initial signal SO, thereby 
reducing the effective voltage between the pixel electrodes 1 12 in the first line and the 
opposing electrode 1221 in the first line. As a result, an image in the first line is displayed 
brightly. 

[0164] When the mean gray level Gf2 of the image signal DATA2 in the second 
Hne is 150-th gray level (< reference gray level GO) (see the second line of Fig. 21(B)), the 
variation signal AS2 is set to -0.5 (V) on the basis of the setting table 62d (see Fig. 20). 

[0165] The variation-signal setting unit 61b adds the variation signal AS2 to the 
initial signal SO to compute a vohage signal, which in tum is output as the opposing electrode 
signal CDATA2 in the second line. The potential of the opposing electrode 1221 in the 
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second line is changed to the polarity opposite to that of the image signal DATA2 on the basis 
of the initial signal SO, thereby increasing the effective voltage between the pixel electrodes 
112 in the second line and the opposing electrode 1221 in the second line. As a result, the 
image in the second line is displayed darkly. Since the polarity of the image signal DATA2 is 
inverted in the second line, a direction in which the potential of the opposing electrode 1221 
is changed is opposite to that of the previous line. 

[0166] When the image signal DATA whose mean gray level Gf (GO) is 1 50-th gray 
level is input in the second frame, the brightness of the image in each line is adjusted 
similarly by setting the variation signal ASi on the basis of the reference gray level GO in the 
second frame. 

[0167] The above-described steps. El to E9, are repeated to sequentially display 
frame images whose brightness has been adjusted in each line. 

[0168] According to the display device of the fourth exemplary embodiment, the 
brightness of an image is adjusted in each Une. Therefore, the contrast of a portion of an 
image can be adjusted, and an image whose portions differ in brightness can be displayed. 

[0169] Since the adjustment is based on the mean gray level Gf in a frame, an image 
whose portions differ in brightness can be displayed. In other words, for example, according 
to the third exemplary embodiment, the variation range is determined on the basis of a 
prepared table. The third embodiment is less advantageous than the fourth exemplary 
embodiment in increasing the contrast of an image. 
Fifth Exemplary Embodiment 

[0170] Referring to Figs. 23 to 26, a display device according to a fifth exemplary 
embodiment of the present invention will now be described. Since the structure of the display 
device is similar to that of the fourth exemplary embodiment. Figs. 12, 14, and 19 are used 
unchanged in the following description, and a description of the structure of the display 
device is omitted. 

[0171] The fifth exemplary embodiment is a modification of the driving method of 
the fourth exemplary embodiment. The potential of each opposing electrode 1221 is 
gradually changed within per unit time (e.g., one frame period in the fifth exemplary 
embodiment). 

[0172] When the image signal DATA is input from the external device into the 
opposing-electrode control circuit 62 in step Fl, the reference-gray-level setting unit (second 
detector) 62c computes the mean gray level Gf of the image signal DATA per frame and 
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outputs the mean gray level Gf serving as the reference gray level (second gray level) GO to 
the variation-signal setting unit 62b (step F2). 

[0173] The corresponding image signal DATAi is written to the pixel electrodes 
112 in the predetermined line; and the potential of the opposing electrode 1221 is reset, and 
the initial signal SO is supplied (step F4). 

[0174] The mean-gray-level computing unit (first detector) 62a computes the mean 
gray level Gfl (i = 1 to N) of the image signal DATAi (i = 1 to N) in each line per frame (step 
F5). On the basis of the setting table 62d, the variation-signal setting unit 62b sets the 
variation signal ASi in each line using the gray level difference between the mean gray level 
Gfi and the reference gray level GO (steps F6 and F7). 

[0175] In a step-signal supplying routine (step F8), this variation signal ASi is 
divided into a plurality of (e.g., N) step signals (step B81). The step signals are sequentially 
supplied via the opposing-electrode driver 31 to the corresponding opposing electrode 1221 at 
a predetermined time interval (e.g., in each H) (steps F82 to F85). 

[0176] Fig. 24 shows an example of variations in the potential of the opposing 
electrode 1221 in the i-th line over time. For example, in a case in which the image signal 
DATA whose mean gray level Gf (GO) is 200-th gray level is input in the first frame, when 
the mean gray level Gfi of the image signal DATAi in the i-th line is 225-th gray level (> 
reference gray level GO), the variation signal ASi is set to 0.1 (V) on the basis of the setting 
table 62d (see Fig. 23). This variation signal ASi is divided by the variation-signal setting 
unit 62b into N step signals a (signal value = ASi/N), and the N step signals a are 
sequentially supplied to the opposing electrode 1221 in the i-th line at a predetermined time 
interval within one frame period. 

[0177] In Fig. 24, the supply start time Ts of the step signals a is the time at which 
the image signal DATAi is supplied to the pixel electrodes 1 12 in the i-th line, the supply end 
time Te of the step signals a is the time immediately before an image signal in the subsequent 
frame is supplied to the pixel electrodes 1 12 in the i-th line, and the supply period of the step 
signals (Te-Ts) is one frame. However, the supply start time Ts and the supply end time Te 
of the step signals a may be any time within a period between the writing of the image signal 
to the pixel electrodes 1 12 in the i-th line and the writing of the image signal in the 
subsequent frame to the pixel electrodes 1 12 in the i-th line, and the supply interval of the 
step signals a can be set to an arbitrary interval. Also, the number of segments N of the 
variation signal ASi can be set to an arbitrary number. 
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[0178] Accordingly, the potential of the opposing electrode 1221 in the i-th line is 
changed stepwise to the same polarity as that of the image signal DATAi on the basis of the 
initial signal SO, thereby reducing the effective voltage between the electrodes 112 and 1221 
by 0.1 (V) in one frame period. As a result, the brightness of an image in the i-th line is 
gradually increased in one frame period. 

[0179] When the image signal DATA(i+l) is written into the pixel electrodes 112 in 
the (i+l)-th line while the potential of the pixel electrode 1221 in the i-th line is changed 
stepwisely, the potential of the opposing electrode 1221 in the (i+l)-th line is reset, and the 
initial signal SO is supplied to the opposing electrode 1221. In steps F5 to F8, the potential of 
the opposing electrode 1221 in the (i+l)-th line is changed stepwise. 

[0180] The above-described steps, F4 to F8, are sequentially performed on the 
image signal DATAi in each line to adjust the brightness of the image in each line. 

[0181] The above-described steps, Fl to F8, are repeated to sequentially display 
frame images whose brightness has been adjusted in each line. 

[0182] According to the display device of the fifth exemplary embodiment, the 
brightness of an image is adjusted in each line. Therefore, the contrast of a portion of an 
image can be adjusted, and an image whose portions differ in brightness can be displayed. 

[0183] According to the display device, since a signal supplying unit stepwise (or 
continuously) supplies the variation signals to the hold capacitors in unit time, the brightness 
of an image is adjusted stepwise. Compared with a case in which the variation signals are 
supplied at the same time, discontinuity of images when the variation signals are supplied is 
smoothed, and the images are displayed more naturally. 
Sixth Exemplary Embodiment 

[0184] Referring to Figs. 27 to 33, a display device according to a sixth exemplary 
embodiment of the present invention will now be described. Fig. 27 is a circuit schematic of 
the display device of the sixth exemplary embodiment. Fig. 28 is a perspective view of the 
schematic structure of the display device. Fig. 29 is a functional block schematic of the 
display device. Fig. 30 is a functional block schematic of the main structure of a drive circuit. 
Figs. 31 to 33 illustrate a method of driving the display device. The same reference numerals 
are used to indicate the same parts and members as those of the first exemplary embodiment. 
In all figures, the film thickness and size ratio of elements are appropriately made different in 
order to make the figures clearer. 
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[0185] Referring to Fig, 27, the display device of the sixth exemplary embodiment 
is an active matrix liquid crystal device including a liquid crystal panel 12 provided with the 
switching elements (thin-film transistors; TFT) 1 12a associated with individual pixels, the 
data driver 1 and the gate driver 2, which drive these TFTs 1 12a, and a hold-capacitor driver 
7. 

[0186] Referring to Figs. 27 and 28, the liquid crystal panel 12 includes the liquid 
crystal layer 150 held between the active matrix substrate 1 1 1 and the opposing substrate 121. 
The polarizers 118 and 128 are disposed on outer surfaces of the substrates 1 1 1 and 121, 
respectively. 

[0187] A plurality of data lines 115 and a plurality of gate lines 1 16 are disposed in 
the X and Y directions, respectively, on the substrate 111. The data driver 1 and the gate 
driver 2 supply an image signal DATA and a gate signal to the data lines 1 15 and the gate 
lines 116, respectively, in accordance with synchronization signals CLX and CLY (see Fig. 
29). Areas (pixel areas) defined by the lines 115 and 1 16 are individually provided with the 
pixel electrodes 112. The TFTs 1 12a disposed near the intersections of the lines 1 15 and 1 16 
drive the corresponding pixel electrodes 1 12. The pixel areas are individually provided with 
hold capacitors 1 17 for holding the pixel electrodes 1 12 at a predetermined potential. These 
hold capacitors 1 17 are driven by the hold-capacitor driver 7 and adjust the potential of the 
pixel electrodes 1 12 by changing the voltage held. 

[0188] The substrate 121, which is made of a transparent material, such as quartz, 
glass, or plastic, is provided with a transparent opposing electrode 122 made of ITO (indium 
tin oxide) or the like, and disposed on the entirety of a display area 12 A. 

[0189] Alignment films (not shown) are disposed on the outermost surfaces of the 
substrates 111 and 112, thereby defining the alignment of liquid crystal molecules when no 
voltage is appHed. The light transmittance of the liquid crystal panel 12 when no voltage is 
applied is determined by a combination of the alignment directions of the ahgnment films and 
the directions of penetrating axes of the polarizers 118 and 128. In the sixth exemplary 
embodiment, for example, the structure of a normally white type is adopted. 

[0190] Referring to Fig. 29, the data driver 1 is driven by the controller 4 in 
synchronization with the gate driver 2 and outputs the image signal DATA that has been 
converted by the DAC (digital-analog converter) 5 into an analog signal sequentially to the 
data lines 115 in one scanning period (H). By the gate driver 2, this image signal tums on 
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(i.e., supplies a gate signal to) predetermined gate lines 116, thereby being sequentially 
written to the corresponding pixel electrodes 112. 

[0191] In contrast, the hold-capacitor driver 7 is driven by a hold-capacitor control 
circuit 8 in synchronization with the drivers 1 and 2 and changes the ground voltage of the 
hold capacitors 117. The hold-capacitor driver 7 drives the liquid crystal layer 150 using the 
image signal DATA modulated by the hold capacitors 117. 

[0192] To reduce or prevent the liquid crystal layer 150 from degrading, the liquid 
crystal layer 150 is AC-driven. Various methods may be employed to AC-drive the liquid 
crystal layer 150. These methods include, for example, an area inversion method of inverting 
the polarity of the image signal DATA in each frame and a line inversion method of inverting 
the polarity in each line. 

[0193] Referring to Fig. 30, the hold-capacitor control circuit 8 is functionally 
provided with a mean-gray-level computing unit (first detector) 8a and a variation-signal 
setting unit 8b. 

[0194] The mean-gray-level computing unit 8a computes the mean gray level Gf of 
the image signal DATA per unit time (e.g., one frame in the sixth exemplary embodiment) 
and detects the brightness of an image displayed in one frame. 

[0195] The variation-signal setting unit 8b has a setting table 8d defining the 
relationship between the mean gray level Gf and the variation signal (the amount of change in 
the ground voltage of the hold capacitors 1 17) AS. The variation-signal setting unit 8b sets 
the variation signal AS on the basis of the mean gray level Gf computed by the mean-gray- 
level computing unit 8a. The variation signal AS is output via the hold-capacitor driver 7 to 
the hold capacitors 117. 

[0196] In the setting table 8d, the gray level of the variation signal AS is defined so 
that the gray level of the effective voltage signal (effective signal) generated by modulating 
the image signal DATA using the variation signal AS becomes greater than the gray level of 
the image signal DATA. For example, in the setting table 8d, as shown in Fig. 31, the median 
of the maximum displayable gray levels serves as a reference gray level (second gray level) 
GO. When the mean gray level Gf is greater than the reference gray level GO, the polarity of 
the variation signal AS is set to the polarity opposite to that of the image signal DATA. When 
the mean gray level Gf is less than the reference gray level GO, the polarity of the variation 
signal AS is set to the same polarity as that of the image signal DATA. It is set so that, the 
larger the gray level difference AG (absolute value) between the mean gray level Gf and the 
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reference gray level GO, the larger the voltage of the variation signal AS (absolute value |AS|) 
becomes. Fig. 31 shows, for example, a maximum of 255 gray levels and the median, that is, 
the 128-th gray level, serving as the reference gray level GO. 

[0197] When the mean gray level Gf is greater than the reference gray level GO (i.e., 
when the brightness of an image in one frame is greater than the reference brightness), the 
potential of each pixel electrode 1 12 is changed by |AS| toward the polarity opposite to that of 
the input image signal DATA, and the image is displayed more brightly. In contrast, when 
the mean gray level Gf is less than the reference gray level GO (i.e., when the brightness of an 
image in one frame is less than the reference brightness), the potential of each pixel electrode 
1 12 is changed by |AS| toward the same polarity as that of the image signal DATA, and the 
image is displayed more darkly. In other words, in the setting table 8d, the gray level of the 
variation signal is set so that, when the gray level difference AG is positive, the gray level of 
the effective signal becomes greater than the gray level of the image signal, and, when the 
gray level difference AG is negative, the gray level of the effective signal becomes less than 
the gray level of the image signal. As a result, a bright image is displayed more brightly, 
whereas a dark image is displayed more darkly. 

[0198] Referring to Figs. 31 to 33, a method of driving the display device will now 
be described. An example in which the display device is driven by the area inversion method 
is described below. Fig. 32 shows an example of the waveform of the image signal DATA 
and an example of the waveform of the variation signal AS. 

[0199] When the image signal DATA is input from the external device in step Gl, 
the image signal DATA is converted by the DAC 5 into an analog signal, and the analog 
signal is written via the data driver 1 into the pixel electrodes 112 of the liquid crystal panel 
12. 

[0200] The image signal DATA is also input to the hold-capacitor control circuit 8, 
and the mean-gray-level computing unit 8a computes the mean gray level Gf per frame (step 
G2). 

[0201] On the basis of the setting table 8d, the variation signal AS is set on the basis 
of the mean gray level Gf (step G3), and the ground voltage of the hold capacitors 1 17 is 
changed by the variation signal AS by the hold-capacitor driver 7 (step G4). 

[0202] For example, when the mean gray level Gf of the image signal DATA per 
frame is 200-th gray level (> reference gray level GO) (see the left side of Fig. 32(B)), the 
variation signal AS is set to -1.05 (V) on the basis of the setting table 8d (see Fig. 31). The 
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hold-capacitor driver 7 changes the ground voltage of the hold capacitors 1 17 by 1.05 (V) 
toward the polarity opposite to that of the image signal DATA (see the left side of Fig. 
3 1(A)). Accordingly, the effective voltage between the electrodes 112 and 122 is reduced, 
thereby displaying the entire image brightly. 

[0203] When the image signal DATA whose mean gray level Gf is 75-th gray level 
(< reference gray level GO) is supplied in the subsequent frame (see the right side of Fig. 
32(B)), the variation signal AS is set to 0.5 (V) on the basis of the setting table 8d (see Fig. 
31). The hold-capacitor driver 7 changes the ground voltage of the hold capacitors 1 17 by 0.5 
(V) to the same polarity as that of the image signal DATA (see the right side of Fig. 32(A)). 
Accordingly, the effective voltage between the electrodes 112 and 122 is increased, thereby 
displaying the entire image darkly. Since the polarity of the image signal DATA is inverted 
in the subsequent frame, a direction in which the holding voltage is changed is opposite to 
that of the previous frame. 

[0204] The above-described steps, Gl to G4, are repeated to sequentially display 
images whose overall brightness has been adjusted. 

[0205] According to the display device of the sixth exemplary embodiment, the 
brightness is adjusted while displaying images in frames, thereby displaying high contrast 
images in frames (i.e., images differing in brightness). 

[0206] According to the sixth exemplary embodiment, since the hold capacitors 117 
disposed on the active matrix substrate 111 are driven, the driver 7 is disposed on the active 
matrix substrate 111. The fabrication is simplified, and the cost is reduced. According to the 
structures of the foregoing first to fifth exemplary embodiments, in which each opposing 
electrode 122 (1221) is driven, a second signal supplying unit that supplies variation signals 
to each opposing electrode 122 must be disposed on the opposing substrate 121. Since drive 
circuits (first and second signal supplying units) are disposed on both the active matrix 
substrate and the opposing substrate, the manufacturing cost may be increased. In contrast, 
according to the present structure, since the drive circuits may be collectively disposed on the 
active matrix, the present structure is advantageous in terms of cost. 
Seventh Exemplary Embodiment 

[0207] Referring to Figs. 34 to 37, a display device according to a seventh 
exemplary embodiment of the present invention will now be described. Since this display 
device has the same structure as that of the sixth exemplary embodiment, Figs. 27 to 30 are 
used unchanged, and a description of the structure of the display device is omitted. 
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[0208] The seventh exemplary embodiment is a modification of the display-device 
driving method of the sixth exemplary embodiment. The holding voltage of each hold 
capacitor 1 17 is gradually changed within unit time (e.g., one frame period). 

[0209] Specifically, according to the seventh exemplary embodiment, when the 
image signal DATA is input fi-om the external device in step HI, the image signal DATA is 
converted by the DAC 5 into an analog signal, and the analog signal is written via the data 
driver 1 into the pixel electrodes 1 12 of the liquid crystal panel 12. 

[0210] When the image signal DATA is also input to the hold-capacitor control 
circuit 8, the ground voltage of the hold capacitors 1 17 is reset (step H2). 

[0211] The mean-gray-level computing unit (first detector) 8a computes the mean 
gray level Gf per fi-ame (step H3). On the basis of the setting table 8d, the variation-signal 
setting unit 8b sets the variation signal AS based on the mean gray level Gf (step H4). 

[0212] In a step-signal supplying routine (step H5), this variation signal AS is 
divided into a plurality of (e.g., N) step signals (step H51). The step signals are sequentially 
supplied via the hold-capacitor driver 7 to the hold capacitors 1 17 at a predetermined time 
interval (e.g., in each H) (steps H52 to H55). 

[0213] Fig. 35 shows an example of the waveform of the image signal DATA and 
an example of the waveform of the variation signal AS. For example, when the mean gray 
level Gf of the image signal DATA per fi-ame is 200-th gray level (> reference gray level GO) 
(see the left side of Fig. 35(B)), the variation signal AS is set to -1.05 (V) on the basis of the 
setting table 8d (see Fig. 34). This variation signal AS is divided by the variation-signal 
setting unit 8b into N step signals a (signal value = AS/N), and the step signals a are 
sequentially supplied to the hold capacitors 1 17 at a predetermined time interval within one 
firame period. 

[0214] hi Fig. 35, the supply start time Ts of the step signals a is the writing start 
time of the image signal DATA, and the supply end time Te of the step signals a is the time 
after unit time (one fi-ame period in the seventh exemplary embodiment) passes. However, 
the supply start time Ts and the supply end time Te may be any time within unit time, and the 
number of segments N of the variation signal AS and the supply interval of the step signals a 
may be arbitrarily set. Accordingly, the effective voltage between the electrodes 112 and 122 
is reduced by 1,05 (V) within one fi-ame period, and the brightness of an image is gradually 
increased in one fi-ame period. 
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[0215] When the image signal DATA in the subsequent frame is input, the holding 
voltage is reset again. The mean-gray-level computing unit 8a computes the mean gray level 
Gf. When this mean gray level Gf is, for example, 75-th gray level (< reference gray level 
GO) (see the right side of Fig. 35(B)), the variation signal AS is set to 0.5 (V) on the basis of 
the setting table 8d (see Fig. 34). This variation signal AS is divided by the variation-signal 
setting unit 8b into N step signals a, and the step signals a are sequentially supplied to the 
hold capacitors 1 17 at a predetermined time interval in one frame period. Accordingly, the 
effective voltage between the electrodes 112 and 122 is increased by 0.5 (V) within one frame 
period, and the brightness of an image is gradually reduced in one frame period. 

[0216] The above-described steps, HI to H5, are repeated to sequentially display 
images whose overall brightness has been adjusted. 

[0217] According to the display device of the seventh exemplary embodiment, the 
contrast is adjusted while displaying images in frames, thereby displaying images differing in 
brightness among frames. 

[0218] According to the display device, the brightness of an image is adjusted 
stepwise. Compared with a case in which the variation signals are supplied at the same time 
to suddenly change the display, discontinuity of images when the variation signals are 
supplied is smoothed, and the images are displayed more naturally. 

[0219] According to the display device, the ground voltage of the hold capacitors 
1 17 is reset at the time the variation signal is supplied to the hold capacitors 117 (i.e., a series 
of step signals a is supplied). This facilitates driving. If the hold capacitors 1 17 are not reset, 
in order to achieve a desired holding voltage, for example, the variation signal AS set in the 
previous frame must be stored in a memory, and the difference between this variation signal 
AS and the variation signal AS' set in the subsequent frame must be supplied to the hold 
capacitors 117. However, when the holding voltage is reset in each frame, the newly 
computed variation signal AS is simply supphed to the hold capacitors 117. The foregoing 
complicated processing is thus unnecessary. 
Eighth Exemplary Embodiment 

[0220] Referring to Figs. 38 to 43, a display device according to an eighth 
exemplary embodiment of the present invention will now be described. Fig. 38 is a circuit 
schematic of the display device of the eighth exemplary embodiment. Fig. 39 is a fimctional 
block schematic of the display device. Fig. 40 is a ftmctional block schematic of the main 
structure of a drive circuit. Figs. 41 to 43 illustrate a method of driving the display device. 
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The same reference numerals are used to indicate the same parts and members as those of the 
sixth exemplary embodiment, and descriptions thereof are omitted. Fig. 27 is used 
unchanged. 

[0221] Referring to Fig. 38, the display device of the eighth exemplary embodiment 
is an active matrix liquid crystal device including a liquid crystal panel 13 provided with the 
switching elements (thin- film transistors; TFT) 1 12a associated with individual pixels, the 
data driver 1 and the gate driver 2, which drive these TFTs 1 12a, and a hold-capacitor driver 
71. 

[0222] Referring to Figs. 38 and 28, the liquid crystal panel 13 includes the liquid 
crystal layer 150 held between the active matrix substrate 111 and the opposing substrate 121. 
The polarizers, 118 and 128, are disposed on outer surfaces of the substrates 111 and 121, 
respectively. 

[0223] A plurality of data lines 115 and a plurality of gate lines 1 16 are disposed in 
the X and Y directions, respectively, on the substrate 111. The data driver 1 and the gate 
driver 2 supply an image signal DATA and a gate signal to the data lines 115 and the gate 
lines 116, respectively, in accordance with synchronization signals CLX and CLY (see Fig. 
39). Areas (pixel areas) defined by the lines 115 and 1 16 are individually provided with the 
pixel electrodes 1 12. The TFTs 1 12a disposed near the intersections of the Unes 1 15 and 1 16 
drive the corresponding pixel electrodes 112. 

[0224] The pixel areas are individually provided with hold capacitors 1 1 71 for 
holding the pixel electrodes 1 12 at a predetermined potential. The hold capacitors 1171 
arranged in a matrix are divided into a plurality of blocks. These blocks of hold capacitors 
1 171 are driven independently. The hold capacitors 1171 belonging to each block are set to a 
common holding voltage. According to the eighth exemplary embodiment, for example, one 
block consists of the hold capacitors 1171 in one line along the gate line 116. The blocks, the 
number of which is the same as the number of gate lines 1 16 N, are driven independently by 
the hold-capacitor driver 71. 

[0225] The hold-capacitor driver 7 1 is driven by a hold-capacitor control circuit 8 1 
in synchronization with the drivers 1 and 2 and supplies the variation signal ASi (i = 1 to N) 
to the hold capacitors 1 171 in each line. The liquid crystal layer 150 is driven by the image 
signal DATAi (i = 1 to N) modulated by the hold capacitors 1171. 
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[0226] Referring to Fig. 40, the hold-capacitor control circuit 81 is functionally 
provided with a mean-gray-level computing unit (first detector) 81a and a variation-signal 
setting imit 81b. 

[0227] The mean-gray-level computing unit 81a computes the mean gray level Gfi 
(i = 1 to N) of the image signal DATAi (i = 1 to N) supplied to the pixel electrodes 1 12 in 
each line per unit time (e.g., one fi-ame in the eighth embodiment) and detects the brightness 
of an image in each line. 

[0228] The variation-signal setting unit 8 lb has a setting table 8 Id defining the 
relationship between the mean gray level Gf and the variation signal AS. The variation-signal 
setting unit 81b sets the variation signal ASi (i = 1 to N) in each line on the basis of the mean 
gray level Gfi computed by the mean-gray-level computing unit 81a. The variation signal ASi 
is output via the hold-capacitor driver 71 to the hold capacitors 1 171 in the corresponding 
line. 

[0229] In the setting table 8 Id, as in the sixth exemplary embodiment, the median 
of the maximum displayable gray levels serves as a reference gray level (second gray level) 
GO. When the mean gray level Gf is greater than the reference gray level GO, the polarity of 
the variation signal AS is set to the polarity opposite to that of the image signal DATA. When 
the mean gray level Gf is less than the reference gray level GO, the polarity of the variation 
signal AS is set to the same polarity as that of the image signal DATA. It is set that, the larger 
the gray level difference AG (absolute value) between the mean gray level Gf and the 
reference gray level GO, the larger the voltage of the variation signal AS (absolute value |AS|) 
becomes (see Fig. 42). 

[0230] Since portions excluding this part are arranged in the same manner as those 
of the sixth exemplary embodiment, descriptions thereof are omitted. 

[0231] Referring to Figs. 41 to 43, a method of driving the display device will now 
be described. An example in which the display device is driven by the line inversion method 
is described below. Fig. 42 shows an example of the waveform of the image signal DATA 
and an example of the waveform of the opposing electrode signals CD ATA. Fig. 42(B) 
shows the waveform of the mean gray level Gfi of the image signal DATAi (i = 1 to N) 
supplied to the pixel electrodes 1 12 in each line in one scanning period. 

[0232] When the image signal DATA is input from the external device in step II, 
the image signal DATA is converted by the DAG 5 into an analog signal, and the analog 
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signal is written via the data driver 1 into the pixel electrodes 1 12 of the liquid crystal panel 
13. 

[0233] When the image signal DATA is also input to the hold-capacitor control 
circuit 81, the mean-gray-level computing unit 81a computes the mean gray level Gfi (i = 1 to 
N) of the image signal DATAi (i = 1 to N) in each line per frame (step 13). 

[0234] On the basis of the setting table 8 Id, the variation signal ASi (i = 1 to N) in 
each line is set on the basis of the mean gray level Gfi (i = 1 to N) (step 14). The hold- 
capacitor driver 71 changes the ground voltage of the hold capacitors 1 171 in the 
corresponding block (i.e., in the i-th line) (step 15). 

[0235] The above-described steps 13 to 15 are sequentially performed on the image 
signal DATAi (i = 1 to N) in each line, thereby adjusting the brightness of an image in each 
line. 

[0236] For example, when the mean gray level Gfi of the image signal DATAI in 
the first line is 225-th gray level (> reference gray level GO) (see the first line of Fig. 42(B)), 
the variation signal ASI is set to -1.5 (V) on the basis of the setting table 81d (see Fig. 41). 
The hold-capacitor driver 71 changes the ground voltage of the hold capacitors 1 171 in the 
first line by 1.5 (V) toward the polarity opposite to that of the image signal DATA (see the 
first line of Fig. 42(A)). Accordingly, the effective voltage between the electrodes, 1 12 and 
122, is reduced, thereby brightly displaying an image in the first line. 

[0237] At the same time, when the mean gray level Gf2 of the image signal DATA2 
in the second line is 75-th gray level (< reference gray level GO) (see the second line of Fig. 
42(B)), the variation signal AS2 is set to 0.5 (V) on the basis of the setting table 8 Id (see Fig. 
41). The hold-capacitor driver 71 changes the ground voltage of the hold capacitors 1 171 in 
the second line by 0.5 (V) to the same polarity as that of the image signal DATA (see the 
second line of Fig. 42(A)). Accordingly, the effective voltage between the electrodes 1 12 and 
122 in the second line is increased, thereby darkly displaying an image in the second line. 
Since the polarity of the image signal DATA2 is inverted in the second line, a direction in 
which the holding voltage is changed is opposite to that of the previous line. 

[0238] The above-described steps II to 17 are repeated to sequentially display frame 
images whose brightness in each line has been adjusted. 

[0239] According to the display device of the eighth exemplary embodiment, the 
brightness of an image in each line is adjusted. Therefore, the contrast of a portion of an 
image can be adjusted, and an image whose portions differ in brightness can be displayed. 
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Ninth Exemplary Embodiment 

[0240] Referring to Figs. 44 to 47, a display device according to a ninth exemplary 
embodiment of the present invention will now be described. In the following description, 
where necessary, Figs. 38 and 39 are used unchanged. 

[0241] The ninth exemplary embodiment is a modification of the drive method of 
the eighth exemplary embodiment. The variation signal AS is defined on the basis of the gray 
level difference AG between the mean gray level Gf of the image signal DATA per unit time 
and the mean gray level Gfi (i = 1 to N) of the image signal DATAi (i = 1 to N) in each line. 

[0242] Referring to Fig. 44, a hold-capacitor control circuit 82 in this embodiment 
is functionally provided with a mean-gray-level computing unit (first detector) 82a, a 
variation-signal setting unit 82b, and a reference-gray-level setting unit (second detector) 82c. 

[0243] The mean-gray-level computing unit 82a computes the mean gray level Gfi 
(i = 1 to N) of the image signal DATAi (i = 1 to N) supplied to the pixel electrodes 1 12 in 
each line per unit time (e.g., one fi"ame in the ninth exemplary embodiment) and detects the 
brightness of an image in each line. 

[0244] The reference-gray-level setting unit 82c computes the mean gray level Gf of 
the image signal DATA per unit time and outputs the mean gray level Gf serving as a 
reference gray level (second gray level) GO. 

[0245] The variation-signal setting unit 82b has a setting table 82d defining the 
relationship of the gray level difference AG between the mean gray level Gfi (i = 1 to N) in 
each line and the reference gray level GO with the variation signal AS. On the basis of the 
mean gray level Gfi computed by the mean-gray-level computing unit 82a, the variation- 
signal setting unit 82b sets the variation signal ASi (i = 1 to N) in each hne. The variation 
signal ASi is output via the hold-capacitor driver 71 to the hold capacitors 1 171 in the 
corresponding block (i.e., in the i-th line). 

[0246] Li the setting table 82d, the gray level of the variation signal ASi is defined 
so that the gray level of the effective voltage signal generated by modulating the image signal 
DATAi using the variation signal ASi becomes greater than the gray level of the image signal 
DATA in accordance with an increase in the mean gray level Gfi. For example, in the setting 
table 82d, as shown in Fig. 45, when AG is positive (i.e., when the mean gray level Gfi is 
greater than the reference gray level GO), the polarity of the variation signal ASi is set to the 
polarity opposite to that of the image signal DATAi. When AG is negative (i.e., when the 
mean gray level Gfi is less than the reference gray level GO), the polarity of the variation 



37 

signal ASi is set to the same polarity as that of the image signal DATAi. It is set so that, the 
larger the gray level difference |AG|, the larger the voltage of the variation signal ASi 
(absolute value |AS|) becomes. 

[0247] When the mean gray level Gfi is greater than the reference gray level GO 
(i.e., when the brightness of an image in each line is greater than the average brightness of the 
image), the potential of the pixel electrodes 1 12 in the corresponding line is changed by |AS| 
to the polarity opposite to that of the input image signal DATAi, thereby displaying an image 
in that line more brightly. In contrast, when the mean gray level Gfi is less than the reference 
gray level GO (i.e., when the brightness of an image in each line is less than the average 
brightness of the image), the potential of the pixel electrodes 1 12 is changed by |AS| toward 
the same polarity as that of the image signal DATAi, thereby displaying the image more 
darkly. 

[0248] In other words, in the setting table 82d, the gray level of the variation signal 
is set so that, when the gray level difference AG is positive, the gray level of the effective 
signal becomes greater than the gray level of the image signal DATA, and, when the gray 
level difference AG is negative, the gray level of the effective signal becomes less than the 
gray level of the image signal. As a result, a bright portion (line) of the image is displayed 
more brightly, whereas a daric portion (Hne) of the image is displayed more darlcly. 

[0249] Since the ninth exemplary embodiment has the same structure as that of the 
eighth exemplary embodiment except for the foregoing difference, a description of common 
portions is omitted, 

[0250] Referring to Figs. 45 to 47, a method of driving the display device will now 
be described. An example in which the display device is driven by the line inversion method 
is described below. Fig. 46 shows an example of the waveform of the image signal DATA 
and an example of the waveform of the opposing electrode signal CD ATA. Fig. 46(B) shows 
the waveform of the mean gray level Gfi of the image signal DATAi (i = 1 to N) supplied to 
the pixel electrodes 112 in each line in one scanning period. 

[0251] When the image signal DATA is input from the external device in step Jl, 
the image signal DATA is converted by the DAC 5 into an analog signal, and the analog 
signal is written via the data driver 1 into the pixel electrodes 112 of the liquid crystal panel 
13. 

[0252] When the image signal DATA is also input to the hold-capacitor control 
circuit 82, the reference-gray-level setting unit 82c computes the mean gray level Gf of the 
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image signal DATA per frame and outputs the mean gray level Gf serving as the reference 
gray level GO to the variation-signal setting unit 82b (step J2). 

[0253] The mean-gray-level computing unit 82a computes the mean gray level Gfi 
(i = 1 to N) of the image signal DATAi (i = 1 to N) in each line per frame (step J4). On the 
basis of the setting table 82d, the variation signal ASi (i = 1 to N) in each line is set on the 
basis of the gray level difference between the mean gray level Gfi and the reference gray level 
GO (steps J5 and J6). The hold-capacitor driver 71 changes the ground voltage of the hold 
capacitors 1 171 in the corresponding line by the variation signal ASi (step J7). 

[0254] The above-described steps, J4 to J7, are sequentially performed on the image 
signal DATAi in each line to adjust the brightness of an image in each line. 

[0255] For example, in a case in which the image signal DATA whose mean gray 
level Gf (GO) is 200-th gray level is input in the first frame, when the mean gray level Gfi of 
the image signal DATAI in the first line is 225-th gray level (> reference gray level GO) (see 
the first line of Fig. 46(B)), the variation signal ASI is set to -0.1 (V) on the basis of the 
setting table 82d (see Fig. 45). The hold-capacitor driver 71 changes the ground voltage of 
the hold capacitors 1 171 in the first line by 0.1 (V) to the polarity opposite to that of the 
image signal DATAI (see the first line of Fig. 46(A). As a result, the effective voltage 
between the electrodes, 112 and 122, in the first line is reduced, thereby brightly displaying an 
image in the first line. 

[0256] For example, in a case in which the mean gray level Gf2 of the image signal 
DATA2 in the second line is 150-th gray level (< reference gray level GO) (see the second 
line of Fig. 46(B)), the variation signal AS2 is set to 0.5 (V) on the basis of the setting table 
82d (see Fig. 45). The hold-capacitor driver 71 changes the ground voltage of the hold 
capacitors 1 171 in the second line by 0.5 (V) to the same polarity as that of the image signal 
DATA2 (see the second line of Fig. 46(A)). As a result, the effective voltage between the 
electrodes, 112 and 122, in the second line is increased, thereby displaying an image in the 
second line darkly. Since the polarity of the image signal DATA2 in the second line is 
inverted, a direction in which the holding voltage is changed is opposite to that of the 
previous line. 

[0257] When the image signal DATA whose mean gray level Gf (GO) is 150-th gray 
level is input in the second frame, the brightness of the image in each line is adjusted 
similarly by setting the variation signal ASi on the basis of the reference gray level GO in the 
second frame. 
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[0258] The above-described steps, Jl to J9, are repeated to sequentially display 
frame images whose brightness is adjusted in each line. 

[0259] According to the display device of the ninth exemplary embodiment, the 
brightness of an image is adjusted in each line. Therefore, the contrast of a portion of an 
image can be adjusted, and an image whose portions differ in brightness can be displayed. 

[0260] Since the adjustment is based on the mean gray level Gf in a frame, an image 
whose portions differ in brightness can be displayed. In other words, for example, according 
to the eighth exemplary embodiment, the variation range is determined on the basis of a 
prepared table. The eighth exemplary embodiment is less advantageous than the ninth 
exemplary embodiment in increasing the contrast of an image. 
Tenth Exemplary Embodiment 

[0261] Referring to Figs. 48 to 51, a display device according to a tenth exemplary 
embodiment of the present invention will now be described. Since this display device has the 
same structure as that of the ninth exemplary embodiment. Figs. 38, 39, and 44 are used 
unchanged, and a description of the structure of the display device is omitted. 

[0262] The tenth embodiment is a modification of the drive method of the ninth 
exemplary embodiment. The ground voltage of the hold capacitors 1 171 is gradually changed 
within unit time (e.g., one frame period in the tenth exemplary embodiment). 

[0263] Specifically, according to the tenth exemplary embodiment, when the image 
signal DATA is input from the external device to the hold-capacitor control circuit 82 in step 
PI, the reference-gray-level setting unit (second detector) 82c computes the mean gray level 
Gf of the image signal DATA per frame and outputs the mean gray level Gf serving as the 
reference gray level (second gray level) GO to the variation-signal setting unit 82b (step P2). 

[0264] The corresponding image signal DATAi is written to the pixel electrodes 
1 12 in a predetermined line, and the ground voltage of the hold capacitors 1 171 in the 
corresponding line is reset (step P4). 

[0265] The mean-gray-level computing unit (first detector) 82a computes the mean 
gray level Gfi (i = 1 to N) of the image signal DATAi (i = 1 to N) in each line per frame (step 
P5). On the basis of the setting table 82d, the variation signal ASi (i = 1 to N) in each line is 
set on the basis of the gray level difference AG between the mean gray level Gfi and the 
reference gray level GO (steps P6 and P7). 

[0266] In a step-signal supplying routine (step P8), this variation signal ASi is 
divided into a plurality of (e.g., N) step signals (step B81). The step signals are sequentially 
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supplied via the hold-capacitor driver 71 to the hold capacitors 1171 in the corresponding line 
at a predetermined time interval (e.g., in each H) (steps P82 to P85). 

[0267] Fig. 49 shows an example of variations in the variation signal ASi output to 
the hold capacitors 1171 in the i-th line over time. For example, in a case in which the image 
signal DATA whose mean gray level Gf (GO) is 200-th gray level is input in the first frame, 
when the mean gray level Gfi of the image signal DATAi in the i-th line is 225-th gray level 
(> reference gray level GO), the variation signal ASi is set to -0.1 (V) on the basis of the 
setting table 82d (see Fig. 48). This variation signal ASi is divided by the variation-signal 
setting unit 82b into N step signals a (signal value = ASi/N), and the N step signals a are 
sequentially supplied to the hold capacitors 1171 in the i-th line at a predetermined time 
interval within one frame period. 

[0268] In Fig. 49, the supply start time Ts of the step signals a is the time at which 
the image signal DATAi is suppHed to the pixel electrodes 1 12 in the i-th line, the supply end 
time Te of the step signals a is the time immediately before the image signal in the 
subsequent frame is supplied to the pixel electrodes 1 12 in the i-th line, and the supply period 
of the step signals (Te-Ts) is one fi-ame. However, the supply start time Ts and the supply 
end time Te may be any time within a period between the writing of the image signal to the 
pixel electrodes 1 12 in the i-th line and the writing of the image signal in the subsequent 
frame to the pixel electrodes 1 12 in the i-th line, and the supply interval of the step signals a 
can be set to an arbitrary interval. Also, the number of segments N of the variation signal ASi 
can be set to an arbitrary number. 

[0269] Accordingly, the effective voltage between the electrodes 1 12 and 122 in the 
i-th line is reduced by 0.1 (V) within one fi-ame period, and the brightness of an image in the 
i-th line is gradually increased within one frame period. 

[0270] When the image signal DATA(i+l) is written into the pixel electrodes 1 12 in 
the (i+l)-th line while the holding voltage in the i-th line is changed stepwise, the holding 
voltage in the (i+1) Hne is reset. In steps P5 to P8, the holding voltage in the (i+l)-th line is 
changed stepwise. 

[0271] The above-described steps, P4 to PS, are sequentially performed on the 
image signal DATAi in each line to adjust the brightness of the image in each line. 

[0272] The above-described steps, PI to P8, are repeated to sequentially display 
frame images whose brightness is adjusted in each line. 
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[0273] According to the display device of the tenth exemplary embodiment, the 
brightness of an image is adjusted in each line. Therefore, the contrast of a portion of an 
image can be adjusted, and an image whose portions differ in brightness can be displayed. 

[0274] According to the display device, the brightness of an image is adjusted 
stepwise. Compared with a case in which the variation signals are supplied at the same time, 
discontinuity of images when the variation signals are supplied is smoothed, and the images 
are displayed more naturally. 
First Modification 

[0275] Referring to Fig. 52, a first modification of the present invention will now be 
described. 

[0276] The first modification is a modification of the setting table of the first to fifth 
embodiments. Since the first modification is the same as these exemplary embodiments 
except for the following difference, a description of common portions is omitted. 

[0277] A setting table of the first modification defines the relationship of the gray 
level difference AG between the mean gray level (first gray level) of the image signal DATA 
per unit time (e.g., one firame period) and the reference gray level (second gray level) GO with 
the variation signal AS. When the gray level difference AG is within a predetermined range, 
the signal value |AS| of the variation signal AS is set to zero. 

[0278] By providing the variation signal AS with a dead zone, thereby preventing or 
suppressing variations near the mean gray level in an image, the image can be displayed 
naturally. 

[0279] For example, the screen has three image areas with different brightnesses. 
When the gray levels of these three image areas are (1) the maximum gray level 255, (2) the 
minimum gray level 0, and (3) a gray level similar but not equal to the mean gray level, 
respectively, if a method not using a dead zone is employed (whereas the dead zone is 
provided in the first modification), all the image areas (1) to (3) are compensated for on the 
basis of the original image signal. Li contrast, according to the first modification in which a 
dead zone is provided near the mean gray level, an uncompensated area is increased, and only 
gray levels separated fi-om the mean gray level by a certain distance are compensated for. As 
a result, both ends of the gray scale are made different on the basis of the reference 
brightness. 

[0280] In another example, two circles with different brightnesses are displayed on 
one dark screen. The brightness of one circle is near the maximum gray level, whereas the 
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brightness of the other circle is slightly higher than the mean gray level. In such a case, since 
the two circles are brighter than the mean gray level, if a method not using a dead zone is 
employed, the two circles are adjusted to be brighter. In contrast, when the circle whose 
brightness is near the mean gray level is not compensated for, only the circle whose 
brightness is near the maximum gray level is made brighter. Contrast is thus increased, 
compared with a case in which the two circles are compensated for to be brighter. Since the 
reference portion near the mean gray level remains unchanged, there is a portion in which the 
original image signal is used, thereby displaying an image naturally (in which the brightness 
of the image continuously changes over frames, and flickering is reduced). 

[0281] By inverting the polarity of the variation signal AS, this setting table is 
applicable to the sixth to tenth exemplary embodiments, and similar advantages can be 
achieved. 

Second Modification 

[0282] Referring to Fig. 53, a second modification of the present invention will now 
be described. 

[0283] The second modification is a modification of the setting table of the first to 
fifth exemplary embodiments. Since the second modification is the same as these exemplary 
embodiments except for the following difference, a description of common portions is 
omitted. 

[0284] A setting table of the second modification defines the relationship of the 
gray level difference AG between the mean gray level (first gray level) of the image signal 
DATA per unit time (e.g., one fi-ame period) and the reference gray level (second gray level) 
GO with the variation signal AS. For example, as shown in Fig. 53(A), the polarity of the 
variation signal AS is always set to negative. It is set so that the variation signal AS is 
reduced in accordance with an increase in the gray level difference AG between the mean gray 
level Gf and the reference gray level GO. 

[0285] When such a setting table is applied to the above-described normally white 
liquid crystal panels 10 and 11, the brightness of a dark image is almost unchanged, whereas 
the brightness of a bright image is reduced. The brighter the image, the more the brightness is 
reduced. As a result, the overall brightness of an image is reduced. 

[0286] As shown in Fig. 53(B), the polarity of the variation signal AS may always 
be set to positive, and it may be set so that the variation signal AS is increased in accordance 
with an increase in the gray level difference AG. 
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[0287] In this case, the brightness of a bright image is increased whereas the 
brightness of a dark image is almost unchanged. As a result, the overall brightness of an 
image is increased. 

[0288] This setting table is applicable to the display devices of the sixth to tenth 
exemplary embodiments. In this case, the overall brightness of an image is increased by 
using the setting table of Fig. 53(A), while the overall brightness of an image is reduced by 
using the setting table of Fig. 53(B). 
Application to Projection Display Device 

[0289] Referring to Fig. 54, a projection display device serving as an example of the 
foregoing display device will now be described. 

[0290] A projection display device 11 00 shown in Fig. 54 is a projector including 
three liquid crystal modules including active matrix liquid crystal devices (light modulators) 
1000 serving as RGB light valves lOOOR, lOOOG, and lOOOB. hi this liquid crystal projector 
11 00, light emitted from a white-light-source lamp unit 1 102, such as a metal halide lamp, is 
split by three mirrors 1 106 and two dichroic mirrors 1 108 into light components R, G, and B 
corresponding to the three primary colors R, G, and B (light splitting means), and the light 
components R, G, and B are guided to the corresponding light valves lOOOR, lOOOG, and 
lOOOB (liquid crystal devices 1000/Uquid crystal light valves). Since the Kght component B 
has a long light path, the light component B is guided via a relay lens system 1121 including 
an incident lens 1 122, a relay lens 1 123, and an outgoing lens 1 124 in order to minimize 
optical loss. 

[0291] The light components R, G, and B corresponding to the three primary colors, 
which are modulated by the corresponding light valves lOOOR, lOOOG, and lOOOB, are 
introduced from three directions into a dichroic prism 1112 (photosynthesis device) to be re- 
combined, which in turn is enlarged and projected as a color image onto a screen 1 120 via a 
projection lens (projection optical system) 1 1 14. 

[0292] Referring to Fig. 54, the liquid crystal light valves, lOOOR to lOOOB, are 
driven by the above-described drive circuit, and the amount of light modulated by each of the 
light valves, lOOOR to lOOOB, is adjusted by an image signal. 

[0293] According to the present projection display device, a high-contrast image 
can be displayed. 
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[0294] The present invention is not limited to the foregoing exemplary 
embodiments, and various modifications may be made without deviating from the scope of 
the present invention. 

[0295] For example, although one frame period is described as unit time serving as 
a reference for computing the mean gray level in the foregoing exemplary embodiments, the 
present invention is not limited to this. A desired period, such as plural frame periods, may 
be set. 

[0296] Although the opposing electrode 1221 is provided in association with each 
line of the pixel electrodes 112 arranged in a matrix in the third to fifth exemplary 
embodiments, the present invention is not limited to this structure. A single stripe-shaped 
opposing electrode may be provided in association with plural lines of the pixel electrodes 
1 12. The opposing electrodes 1221 need not be in the form of stripes. The opposing 
electrodes 1221 may be a plurality of independently-driven block electrodes. In particular, 
when opposing electrodes are arranged in a matrix, each opposing electrode being associated 
with one pixel electrode 112, the brightness of each pixel area is optimized. 

[0297] A similar mechanism applies to the eighth to tenth exemplary embodiments. 
The simultaneously-driven hold capacitors 1171 may be grouped into arbitrary blocks. The 
individual hold capacitors 1171 may be set to hold individual voltages. As a result, the 
brightness of each display area (block area) associated with each block may be adjusted, 

[0298] The dependence of the variation signal AS on the gray level difference AG, 
that is, the curve shape in the setting table, may be arbitrarily set. The curve shape may be 
symmetrical or asymmetrical relative to the reference gray level GO. 

[0299] In the second and seventh exemplary embodiments, the supply start time of 
the step signals may differ depending on the level of the variation signal |AS|. For example, 
when the amount of variation |AS| is large, the supply may start early, thereby increasing the 
number of segments of the variation signal AS when the supply interval of the step signals is 
constant. Accordingly, images become more continuous. 

[0300] Although the mean gray level Gf of an image signal per unit time serves as 
the first gray level characterizing the brightness of an image in the foregoing exemplary 
embodiments, the present invention is not limited to this. The first gray level may be, for 
example, the maximum gray level of an image signal per unit time or the mode of gray levels. 

[0301] Even when the mean gray level serves as the first gray level as described 
above, an image signal from which the mean is computed may be limited to those in a 
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specific gray level range. For example, the mean may be computed from each signal 
excluding those with a gray level in a specific range (e.g., 10%) from the maximum gray level 
of an image signal. When such a detection method is adopted, in particular, the appropriate 
brightness for an image displajdng subtitles may be detected. Li other words, to enhance 
visibility, the gray level of a subtitle portion is set to a gray level near the maximum 
displayable gray level. By excluding a peak signal near the maximum gray level from 
computation, the effect of a subtitle portion that is not very meaningfiil to image information 
may be eliminated. Needless to say, the mean may be computed from each signal excluding 
those with a gray level within a predetermined range from the minimum gray level (0-th gray 
level). 

[0302] A similar mechanism applies to computation of the reference gray level in 
the fourth, fifth, ninth, and tenth exemplary embodiments. The reference gray level GO may 
be computed as the mean gray level of an image signal that belongs to a specific gray level 
range. The reference gray level GO may be computed not only as the foregoing mean gray 
level, but also as the first gray level, such as the maximum gray level of the image signal 
DATA or the mode of gray levels, characterizing the brightness of an image. 

[0303] A reference for detecting the brightness of an image of the image signal 
DATAi in each line (i.e., each block area) per unit time (first gray level) may differ from a 
reference for detecting the brightness of an image of the image signal DATA in all lines (i.e., 
all block areas) (second gray level). For example, the first gray level may be the mean gray 
level, whereas the second gray level may be the mode of gray levels. 

[0304] Although the median of the maximum displayable gray levels (e.g., 255 gray 
levels) serves as the reference gray level GO in the first to third and sixth to eighth exemplary 
embodiments, the present invention is not limited to this. A user may manually set the 
reference gray level GO to an arbitrary level. 

[0305] Although the liquid crystal panel is described as a normally white display in 
the foregoing exemplary embodiments, the present invention is not limited to this. The liquid 
crystal panel may be a normally black display, hi this case, the polarity of the variation signal 
AS in the setting table described in the foregoing exemplary embodiments (i.e., the direction 
in which the potential of the opposing electrode is changed) is opposite to that in the 
foregoing exemplary embodiments. 

[0306] The present invention is applicable not only to the foregoing projection 
display device, but also, for example, to a direct- viewing display device. 



